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ABSTRACT
Along withmany other measures, companies are looking at reusing existing designs
(i.e., hardware and software) to cut costs. Design reuse saves resources by contributing to
shorter time-to-market and less engineering, procurement, service, training and
documentation costs. The aim of the present study is to analyze the relationship between
design reuse and product innovation; specifically whether design reuse fosters product
innovation as a primary hypothesis. Moreover, the moderating effects between design reuse
and product innovation, which were identified as focused innovation, better system
integration and creative reuse were explored. A survey was conducted and data on 43
companies was analyzed to test the primary hypothesis, moderating effects and other
factors. At the end of the study, although the primary hypothesis was not supported,
significant correlations were found between design reuse, better system integration and
product success. That is, as design reuse percentage increased companies reported better
system integration and success for new products.
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Cost reduction pressures generated by the dynamics of the global market (U.S.
Government Accountability Office [GAO], 2005 and U.S. Department of Commerce,
2004) have made design reuse one of the important tools for companies to reduce cost.
Antelme, Moutrie & Probert (2000) define the following as the industrial value of reuse:
"reduced time-to-market, increased agility and responsiveness, reduced cost, reduced risk,
more effective deployment ofscarce resources and improved organizational learning and
knowledge managemenf. Corso and Paolucci (2001) conclude that more industries are
increasingly feeling the pressure of reduction of time-to-market and upgrade of current
product fleet with tight time and resource constraints. Therefore, they suggest, transferring,
sharing and exploiting knowledge among projects over time in order to sustain long-term
competitiveness.
There have been some concerns that design reuse might reduce innovation. Arian
Ward, former leader of collaboration, knowledge and learning for Hughes Space and
Communication (HSC) Corporation, a multi-billion dollar telecommunications company,
reports on the resistance of engineers to reuse because they want to be part of innovative
activities. Therefore, during her years at HSC, she had to initiate a cultural change towards
design reuse so that engineers would embrace design reuse as part of the product
innovation (Innovation Ecology, 2005). Busby (1999), in his extensive study of two
engineering firms, also explained the absence of design reuse partially by the motive
among designers to innovate. Therefore, design reuse is generally seen as a non-innovative
activity. This study investigated the effects of design reuse on innovation and tested the
hypothesis that design reuse fosters product innovation. If supported, this thesis could
encourage a change of industry approach to design reuse beyond cost reduction.
The thesis follows the Applied Research Paradigm methodology by Ettlie (2001)
summarized below.
Figure 1 . The Applied Research Paradigm
Problem > Research Question > Hypotheses >Method > Expected Results > Implications
In this study, innovation and design reuse have been quantified and measurement
methods were identified. Surveys have been conducted to measure the relationship between
design reuse and product innovation.
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2. LITERATURE REVIEW
2.1Design reuse and product innovation
Engineering design is the application of science and engineering knowledge to
solve technical problems and to optimize the solutions as required and constrained by
factors such as materials and economic, legal, environmental and human-related
considerations (Ong & Guo, 2004). Antelme (et al., 2000) suggests that design reuse is the
appropriation ofknowledge gained from the initial design to new product design.
According to Ullman (1997) more than 75% ofdesign activity is composed of
case-based design, which is reuse ofprevious knowledge to deal with a new design
problem. This statement indicates that design reuse is an important part of the total design
activity.
According to Antelme (et al., 2000) the scope ofEngineering Reuse
". . .encompasses such diverse assets as physical artifacts (components, subassemblies,
software modules, etc.), processes (assembly, manufacture, materials handling, etc.)". He
defines all of the scope above as
"technology"




refers to the goods and services, and
"capability"
refers to embodied skills, knowledge and know-how. Antelme (et al., 2000) further defines
an engineering reuse process from a high-level perspective in order to help companies
define the
"what"
they have and the
"how"
they could use their technology assets. In this
high-level perspective, Antelme (et al., 2000) identifies three major entities in the data flow
for engineering reuse. One entity being the "Technology Specification
Management"
in
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which the technology capability of the firm is documented in categories such as Product





He offers a data flow diagram
between these three entities for engineering reuse in order for firms to become systematic
about technology reuse opportunities. He suggests engineering reuse offers an opportunity
to improve performance in manufacturing firms.
Product innovation is defined by David L Rainey (2005) as "the overarching
management framework for making incremental changes and improvements to products,
services and
processes."
However, the changes and improvements could be radical changes
as well, not just incremental. A new product is any change, improvement, repositioning or
new-to-the-world offering or service. Development ofa new product involves
conceptualization (also referred to as visioning or idea generation), design, development,
validation and commercialization.
Corso and Paolucci (2001) proposed that innovating new products and services
requires managing the sharing and transfer of a huge amount ofknowledge from one
project to another over time. They suggest that this results in synergy and learning. In
then-
study, they investigate the different approaches to knowledge transfer and patterns of
adoption of Information and Communication Technology (ICT) applications such as 3-D
CAD, Product DataManagement (PDM) systems in 98 Italian firms. They divided the
firms into three different categories based on their knowledge management approaches.
They found that firms, which adopt ICT tools to maximize reuse of existing knowledge and
to support new communication channels inside and outside product innovation
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departments, realized increased effectiveness in enhancing product characteristics and
architecture.
Wartburg, Teichert, and Rost (2003) claim "developing radical and disruptive
innovations requires the meshing of actual sophisticated technological andmarket
knowledge with visions about the future". According to this statement, ifcompanies
combine their existing technological knowledge with the market knowledge, they can
develop radical innovations. However, there have been cases where radical innovations
were developed independent of the market needs and created new markets.
Arian Ward, President, CEO and founder ofWork Frontiers International and Pool
ofWonder (www.innovationecology.com), addresses the issue of the balance between
reuse and innovation as follows:
"One ofthe areas that I thinkpeople struggle with is seeing them as opposites. I
mean that they see either innovation or reuse, as ifthey cannot co-exist. I believe
that innovation does not necessarily entail startingfrom scratch. Somepeople say
that there is no such a thing as a new idea, that everything comesfrom other
ideas/''
Ward further suggests a trade-off analysis and risk assessment between different options for
knowledge acquisition when developing a product. The options being: create in-house,
reuse an internal source, outsource, hire, acquire through strategic partnership, acquisition
ormerger.
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Chesbrough (2003), in his book titled "Open Innovation", states that based on an
interview with RobertMetcalfe, the former Xerox PARC researcher who left Xerox to
commercialize the Ethernet, that the diffusion opportunities that exist to reuse and
recombine knowledge will result in more innovation sooner for society. The diffusion
opportunities are fewer when this knowledge is locked up inside the firms where
technology is made available to society only through a single business model. A company
can change the business model to appropriate design and R&D knowledge to exploit other
product or diffusion opportunities.
2.2 Challenges of applying design reuse
One of the problems in design reuse is the difficulty ofmaintaining and providing
access to existing designs (Ormerod, Mariani, Ball & Lambell, 1999). The people creating
a design rationale are generally not motivated because they do not directly benefit from it
(Grudin, 1988). In addition, existing solutions can restrict the designers in terms ofoptions
they have (Ball & Ormerod, 2000). Other problems (Ormerod et al., 1999) exist in
documentation practices, especially naming conventions, encoding, and the extent of
documentation. Inconsistencies in documentation create barriers to design reuse, especially
in the information retrieval phase.
In his study Busby (1999) reports on the problems with design reuse. This extensive
study is based on an in-depth
analysis in two design organizations. Both organizations are
medium sized engineering firms one with 200 and the other with 50 engineering design
employees. Busby concludes that a given case ofa design reuse problem has amultiplicity
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ofcauses and types of causes, ranging from engineering, cognitive, motivational,
environmental and organizational factors.
2.3 Some suggested solutions to enable design reuse
Ong (et al., 2004) details the development ofa computational framework for design
reuse, which embodies the evolutionary process ofdesign reuse from original problem
clarification to detailed geometrical design. The framework helps users to analyze the
function requirement, to find the most suitable existing design, to adapt it into a new design
at the detailed design level or suggest a reuse solution. The framework requires the
encoding of existing design into a database first and it later guides users through a web user
interface to analyze their original function requirement and decompose it into main and
sub-functions (i.e., create rotaiy motion as main function and intake gaspower as sub-
function). The reuse process in the framework is supported by an intelligent reasoning
mechanism to secure a more applicable search result.
Hou & Ramani (2004) propose a tool to search for existing design. They describe
the search screen user interface of a dynamic 3D skeletal abstraction. It could be useful
because another search method for design reusers would be covered by this concept. It
would be similar to a fingerprint search used in law enforcement. This system would
prevent the possible miscategorizations and text search errors by providing amechanism to
search by the 3D shape characteristics of a part.
In their article, Ball, Lambell, Ormerod, Slavin andMariani (2001) propose that
with appropriate tools to support the reuse process, reuse might actively improve
innovation. They suggest that access to previously created design options enables the
Osman T. Tasci 8 Design Reuse and Product Innovation
maintenance of innovative ideas over time; hence designers may explore problems more
creatively. However, Oshri, Pan and Newell (2005) conclude, based on data drawn from
an in-depth study of several product development project teams in one high-tech
company, that by investing in "knowledge
xploitation"
(reuse) activities, a firm may
limit some "specific
exploration"
(innovation) activities. Based on the same data, Oshri
found from surveying engineers that less time was devoted to mentoring and less time
was available to solve problems. This in turn led to fewer learning opportunities.
However, one may suggest that even in a fast-paced environment, learning by doing may
have a positive effect on the development of skills.
2.4 Focused innovation
In their case study, Grillet, Biennier, Favrel, Fleury & Thomas (2003) propose a set
ofmeta-models in order to capture the existing knowledge so that reusing abilities can
improve the engineering process. In this way innovation can be efficientlymanaged and
focus of the design activities could be limited to critical few elements ofdesign.
Ai example for focused innovation through design reuse is the changes made in
product development at Mercedes-Benz in order to improve quality and reduce costs
(Meiners, 2005). Their goal now is to reuse existing design by sharing more parts between
different model lines. One of the expected benefits of this initiative was being able to
concentrate on the unique areas of the differentmodels, hence apply focused innovation.
A second example for focused innovation is in Lear Corporation, a tier-one auto
supplier of car seats with a Research and Development Center in Southfield, Michigan.
PatrickMurray, vice president ofresearch and design reports that they use a common frame
Osman T. Tasci 9 Design Reuse and Product Innovation
and track across 14 different platforms (Bowens, Automotive News, 2005). Ifwe look at
the innovations (thinner, lighter seats equipped with a vent in the head rest to blow warm
air down a person's neck), it can be concluded that Lear was able to focus on more
innovative aspects of design because they were able to provide the basics of car seat
function through design reuse across 14 different platforms.
2.5 Better system integration
Zangwill (1993) provides an analysis ofcompanies such as Toshiba, which did not
try to find new technology during product development, and used technologies already
available. This allowed less variability to the system during product development. That in
return led to better system integration, since there were fewer variables to consider during
system integration.
Zangwill (1993) mentions that 40% ofresources spent during a new product design
go into previously solved problems. Through design reuse, already solved problems could
be avoided, leaving fewer problems to deal with in order to achieve system integration.
2.6 Creative reuse
Innovation through design reuse may result from reusing a design in an area not
originally considered. Zangwill (2003) gives the examples of3M and Canon in building
technology foundations. 3M has hundreds ofproducts butmost of these products resulted
from the exploitation (reuse) of a very few core competencies in substrates, coatings and
adhesives. The exact same concept can be applied to design reuse to a certain extent. The
reused design, if applied to another function, would be the innovation that design reuse
would foster. "Borrowing ideas from one area to serve
another"
(trangressive cognition) is
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defined as one of the central elements of innovation by the National Science Foundation
(2004) in their report on invention. Design reuse can ignite trangressive cognition by
providing the concept and technology in design and having the engineer apply it to another
function.
Wartburg (et al, 2003) defines the search behavior of firms to have at least two
dimensions with each dimension having amarket related and a technological components.
A broad search scope implies a high knowledge integration cost due to the need to integrate
distant knowledge into the existing body ofknowledge. However, it is also suggested in the
same study that this scope enriches the product design knowledge and the probability of
discovering something really new by combining new product functions or components with
established features. This proposal suggests that companies can discover something really
new (creative) by broadening their search within existing design. Creative reuse in this
context is defined as reusing existing design in an area not originally considered or
adaptation of existing design with some changes to serve another function.
Sviokla and Paoni (2005) use S.C. Johnson as an example for creative reuse and
innovation. As a striking example, they mention how S.C. Johnson reused its product
technology and capabilities in parquet floor products (sprayable furniture polish) in insect
repelling lanterns.
Aerosol technology was reused as a platform in designing many
products, including Glade, a scented liquid used as air freshener and Off! an insect
repellent, which is still the category
leader. S.C Johnson did not stop there and introduced
an expandable bladder in the bottom of the can to be able to dispense gel for their shaving
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cream product, Edge. This is a good example of how a company exploited technology and
existing design in order to be innovative and successful.
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3. THE PRESENT STUDY
3.1 Problem statement
Design reuse has many benefits and risks. One of the risks is a common belief that
design reuse prevents innovation (Busby, 1999; Ward, 2005). The hypothesis proposed is
that design reuse fosters innovation through some moderating effects such as allowing
designers to work on more critical few elements or innovative activities rather than
redesigning what already exists. Also design reuse could provide better system integration,
which increases the chance of successful integration of the incremental innovative portions
of the product. Any design reuse could also be viewed as an opportunity to creatively reuse
or adapt to different applications, which can be a very cost effective innovation. If the
hypothesis is proven to be true, companies could try to implement design reuse more
effectively, not only for cost reduction, but also for the main competitive edge, innovation.
A linear relationship between design reuse and product innovation will be analyzed. A
curvilinear affect could be considered in future research using a larger sample size.
3.2 Operational definitions
Design Reuse is defined as a means of making use of an existing design for
hardware, software, architecture or platform in a new product offering. Design reuse
involves using an existing design intact or
with minor modifications. Existing design could
be internal to the company or external (e.g., Supplier).
Design Reuse Level is defined as the cost ofreused design in proportion to the cost
of the product. For example, consider a new laptop in which the harddrive (costs $10) and
processor (costs $40) are reused from existing design whereas the rest is designed from
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scratch. The new laptop costs the company $500. In this case, design reuse level in terms of
cost is 10%; calculated as cost of reused design over total cost of product. ($10+$40) /
$500=10%.
Optimum Design Reuse Level is defined as the percent of design reuse which
provides the best trade-off scenario in terms of cost, quality, delivery and innovation. One
accepted model of design is a trade-off scenario: cost, quality, delivery and innovation
cannot all be achieved simultaneously. (Tsai, Chiou, Hsu, 2005)
Product Innovation is defined by David L Rainey (2005) as "the overarching
management framework for making incremental changes and improvements to products,
services and
processes'"
. In this study, it is measured by the classification ofproducts in the
following categories.
5 - New to the world
4 - New to the industry
3 - New to the organization
2 - A significant upgrade of an existing product
1 - Minor modification of an existing product
Focused Innovation is defined as the utilization of resources on innovative
portions or critical few areas of a product design rather than already solved problems.
Architectural reuse, derived from the definition of architectural innovation by
Henderson & Clark (1990), could be defined as the reuse in which the links between
components are not changed. Examples could be reuse of an architectural design of
electrically powered ceiling fan,
in which the links between components remain
unchanged.
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A component is defined as "a physically distinct portion of the product that
embodies a core design concept and performs a well-defined function". (Henderson &
Clark, 1990)
Modular reuse, again derived from the definition of modular innovation by
Henderson & Clark (1990), could be defined as the reuse in which the components are
reused. An example could be electronic engine control of a diesel engine. The modular
reuse component is the electronic engine control unit, whereas the rest of the diesel engine
remain unchanged.
3.3 Research question
How does design reuse affect innovation in new product development?
Some questions derived from this primary question are:
1. Does design reuse allow focused innovation, better system integration or
creative reuse?
2. How does design reuse affect product success?
3. Does the type of reuse (modular or architectural) affect innovation and
success? And if so, how?
The goal of this study was to find out how design reuse affects innovation. Results
could give guidance to companies to utilize design reuse for both cost reduction and
innovation, resulting in better products that use fewer resources and require less time.
3.4 Hypotheses
Hypothesis 1 : Design reuse fosters product innovation.
It is hypothyzed that design reuse fosters innovation in new products. Knowing
what already exists in terms ofdesign and technologywill enable companies to utilize them
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in new product design. This utilization will enable more product innovation through couple
ways. Firstly, it will enable resources to be able to work on innovative parts of the product,
not on already solved problems. Secondly, it will allow better system integration because
companies will know the existing design and how it integrates with the rest of the product,
hence will spend less time on system integration and be able to make the incremental parts
of the design work better with the rest of the product. Thirdly, companies will be able to
creatively reuse existing design to solve new design problems. This will allow product
innovation in less time with fewer resources.
In a perfect world, even a 100% reuse would foster innovation. However, that
perfect world would assume that each component in the final product is in a perfect state in
terms of technology, reliability, and system integration interface. Therefore, there is an
optimum level of design reuse, which would foster innovation, since not all the parts in the
design would be up-to-date with technology and will be in an undesired state regarding the
function, quality, reliability or system integration interface. In an industry in which the
product lifecycle and the component lifecycle are short, one would expect less design reuse
level for the optimum point to foster innovation, because the components would become
obsolete sooner due to shorter lifecycle.
Hypothesis 2: Design reuse promotes discipline by focusing on elements with the
greatest impact for innovation.
It is proposed that as design reuse level increases, companies would be able to
focus on critical few elements in the new products; hence they would have more
innovation diffused into the new product. Design reuse would promote discipline in
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design, which would help designers focus on the part of the product design that would
have the greatest impact for innovation (Ettlie, Stoll, 1990).
Hypothesis 3: Design reuse promotes better system integration.
As design teams reuse more of the known and existing design they achieve better
system integration. The critical parameters, failure modes, interfaces, design of
experiments and most of the relevant design information are already available for existing
design. Therefore, design teams have an improved chance ofbetter system integration,
compared to a totally new design.
Hypothesis 4: Reusing design in a way not originally thought of, fosters innovation.
Existing design could be applied creatively to solve new design problems. These
new applications of existing design could contribute to product innovation. This practice
could be a major competitive edge for companies because with very little effort,
companies can solve new problems in very short time with almost negligible investment
in new design. Examples from the industry were provided in literature review, especially
the S.C. Johnson case.
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3.4 Summary of hypotheses and model:
Table 1: Summary ofhypotheses
Rationale Plausible Rival Hypothesis
H1: Design reuse fosters product
innovation
Allows faster time to market, more prototype
building, less testing time.
Using the same design hinders
innovation since its not new.
H2: Design reuse promotes
discipline by focusing on elements
with the greatest impact for
innovation
Allows resources to work on unsolved
problems, not reinventing the wheel and
establishes discipline. (Ettlie et al., 1998)
A reusing culture may not pay
attention to innovation more than
other drivers such as cost, time
to market, etc.
H3: Design reuse promotes better
system integration
Known critical parameters, test specs,
failure modes allow designing better system
integration.
Reuse itself creates more
integration issues due to
unforeseen problems.
H4: Reuse and adaptation of
design in a way not originally
thought of, fosters innovation.
Applying existing design to solve a problem
in a new way is an innovation.
NIH (Not Invented Here) factor
may prevent this from happening.
The following model was developed to partially explain the relationship between
design reuse and innovation. The proposition is that design reuse has some potentially
beneficial outputs that foster innovation. Some are directly related to innovation, such as
creative reuse, and some indirectly foster innovation, such as better system integration.
This model will be tested in the Results section.
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4. METHOD
4.1 Participants
A total of 43 responders participated in the survey. Participants were employees of
companies operating in many different industries (manufacturing, automotive, finance, etc.)
from 17 countries. More than half of the responders were from companies in US. The
others were from Europe, South America, South Africa and Far East. The respondents
reported their titles to be, President, Vice President, Director, Manager, Designer, Quality
Assurance Engineer, Chief Scientist, Consultant etc, which shows the broad attention and
participation to the subject. This broad participation increases our confidence in the survey
results.
4.2Materials
Design Reuse Survey (DRS): The survey, which consists of fifteen questions, was
conducted to gain more insight on the relationship between design reuse and product
innovation. In the survey, information about
responders'
company, their most recent new
product development experience is asked. Specifically survey tries to measure and identify
product imiovation, product success, design reuse level, reuse type, creative reuse, better
system integration and focused innovation. Responders were asked to report on the last
major new product introduced by their organization. Whether the new product was typical
of their line ofbusiness and how long they have offered products of this type were the next
questions. The question used as a measure of the product innovation was Question 6 (see
table 2).
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Table 2. Design Reuse Survey (DRS)
DESIGN REUSE SURVEY
PURPOSE: This survey is being conducted to gain more
insight on design reuse during new product development. The
results will be kept confidential, no personal, company or
product names will be associated with the data. This research
will be used in partial fulfillment of a master thesis at
Rochester Institute ofTechnology (RIT). Survey is funded by
Technology Management Center, College of Business at RIT.
Contact information: Osman Tasci:
osman.tasci@xeroxlabs.com, phone: 1-585-231-5799. Prof.
John Ettlie: jettlie@cob.rit.edu. Copyright O.Tasci, J.Ettlie
2005, All rights reserved. This questionnaire cannot be
reproducedwithoutwritten permission of the authors.
INTRODUCTION: Design reuse is one of the potential
methods companies use to improve the development process.
Please take about 15 minutes and answer the questions below
on design reuse. You will receive the results of this survey
within one month. Thank you for your help.
Please take a moment and think back over the last few years
to describe, in general terms, the last major new product
introduced by your organization.
Your Name
Contact info (fax, email, phone)
Size of organization (number of employees)
Industry
Country
1 What was the name of this product?
2 Is this new product typical ofyour line of business? (Yes, No)
3
How long have you offered products of this type?
(years)
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5




INNOVATION 6 The product was (select one)
a) New to the world
b) New to the industry
c) New to the organization
d) A significant upgrade of an existing product
e) Minor modification of an existing product
f) other
Variable:
SUCCESS 7 How successful was this major new product? (Select one)
a) Extremely successful, returned a multiple of the investment,
early.
b) Very successful, came in on time, on budget and met
traditional internal rate ofreturn expectations.
c) Successful, in the long run - took longer to return the
investment but we learned a great deal from this experience
d) Not successful financially, but we learned enough to move on.
e) A failure in financial and technical terms, we won't do this
again.
8
Did this new offering incorporate any design-reuse*? Yes,
No.
(*Design reuse means, reusing existing design, which includes
hardware, software, architecture or platform, in a new offering, as
is or with minor modifications. Existing design could be internal




If Yes, how would you describe this design reuse as? Please








What was the % of overall design reuse level in this new
product in terms of cost? %
(For ex: Consider a new laptop which reuses the existing design
of the harddrive (costs $10) and processor (costs $40). The rest of
the new laptop is being newly designed. The new laptop costs the
company $500. In this case, design reuse level in terms of cost is
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10%; calculated as cost of reused design over total cost of






Was the design reuse a completely new application of the




The primary source of reuse was internal % or
external % of the total reuse portion.
12
Did you encounter any unanticipated problems in modifying
the design for reuse? If yes, please
explain
13
Was there a corporate or business unit policy on design reuse
at the time you began developing this product? Yes, No, If
Yes, how did the policy influence your design decisions?
Variables:
14
What were the direct benefits of design reuse? Please select
all that apply and explain.
a) Cost reduction, if selected what %?




c) Better system integration, if selected, explain.
FOCUSED
INNOVATION
d) Focused our attention on a few critical elements
e) Allowed systems thinking, ifyes, explain.
f) Shortened testing time, ifyes, explain.
g) Quality improvement
h) Ease ofmanufacturing
g) Other (e.g., indirect benefits like methods improvement?) If
yes, explain
15
May we contact you for clarification if needed? Yes or No.
Thank you for your help.
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4.3 Procedure
In order to test the hypotheses, companies were surveyed through a web-based
online survey. During the survey preparation, the guidelines from IEEE book titled
"Computer Assisted Survey Information
Collection"
were used (Couper, et al.).
Survey was posted on October 18th, 2005 and ran until November 4th, 2005. A
total of46 responses were received ofwhich 3 were classified as invalid and removed from
the dataset. One response was blank, except the email address of the responder. One was a
duplicate response with a different email address. One response was a blank response with
only email address and product name questions answered; however, I received another full
response with the same email address.
The Benchmarking Exchange (TBE) was selected as the company to help with the
survey due to its experience and competence in benchmarking and business surveys. It has
been in business for twelve years and for the last five years, TBE is voted as the number
one website for online benchmarking information and communication services by the
benchmarking community. The survey invitations were sent via email by a TBE company
employee to their approximately 38,500 members in 91 countries while the questions and
answer selections were placed on the internet on http://www.benchnet.com/ website. At the
end of this process, only voluntary responders participated in the survey. Due to a very low
response rate (43 responses / 38,500 members), a response bias test was done in order to
increase confidence in the data and make sure the survey population is represented.
Members have an online account with the benchmarking exchange services
company. Most companies have a site membership which allows for many employees from
the same organization to access the TBE website.
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At the end of the survey, the data was received from TBE and evaluated. Results of
the survey were coded and SPSS statistical analysis software was used to analyze the
results.
As previously mentioned it is difficult to find hard data on the degree to which
subsystems and processes are shared across different products, since these type of data
typically are not maintained by corporations. Therefore, due to the difficulty associated
with measuring design reuse levels other than subjective ratings, the study has benefited
from the method used in Meyer's and Dalal's study (2001). In their study, they ask
engineering managers to provide subjective ratings regarding the use of technology and
processes from one product to the next in a cumulative manner. This study has used a
similar approach in which survey participants were asked to report on design reuse levels
which was defined as the proportion of the cost of reused design to the cost of the total
product in order to normalize the responses from different industries and different type of
products.
Due to the limited response to the survey, some statistical methods were used in
order to increase the validity and reliability of the results:
4.3.1 Validation of dependent variable
The dependent variable in this study is the product innovation level, measured
through Question 6. In order to increase the confidence in the measurement of this variable,
the response distribution was compared with the response distribution in another survey
done by John Ettlie and Mohan Subramaniam, which use the exact same question. Table
below shows the comparison of the response distribution between the surveys.
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Table 3. The comparison of the response distribution of Question 6 between DRS and
Ettlie-Subramaniam Surveys.
Last New Product Was Previous Survey Results % This Survey Results %
1- Minor modification
of an existing product
6.9 % (n=71) 4.7% (n=43)
2- A significant upgrade
ofan existing product
27.8 % (n=71) 32.6% (n=43)
3- New to the
organization
20.8 % (n=71) 30.2% (n=43)
4- New to the industry 37.5 % (n=71) 20.9% (n=43)
5- New to the world 5.6%(n=71) 11.6%(n=43)
A t-test comparing the two sample distributions was conducted. (t=0.92, 2 tailed t-
test). For 131 degrees of freedom and alpha level at .05 the t-value is 1.98. Since the
calculated t value, which is 0.92, is less than 1.98, it can be concluded that the samples are
likely to have come from the same population.
4.3.2 Missing Data
There was very little missing data for the indicative questions. There were two
missing "classification of
products"
to Question 6 which asks the innovation level of the
product. Based on the responses to the other questions, it was concluded that those products
should have been classified as "New to the organization products". For Question 7, which
was aimed at measuring the success of the new product, there was only one missing
response, which was concluded to be
"Successful"
based on the rest of the response.
Furthermore, there were four missing responses to Question 9, which asks the percentage
of design reuse level. It was assumed that the design reuse levels would be similar for
companies in the same industry due to similarities in their pattern of cost and competition.
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Based on this assumption, these four companies were assigned average industry design
reuse levels, which were calculated from the survey.
4.3.3 Testing internal consistency
As a test of internal consistency, the internal and external reuse percentages
gathered through Question 11 were correlated. A statistically significant negative
correlation was found. This correlation is in line with the study's expectations described as
follows. Internal design is assumed to be created internally by the company, whereas
external design could come from a supplier or strategic partner. The way the question is
asked, the sum of internal and external reuse percentages should equal hundred percent for
the same response. Therefore if internal design reuse % increases, say from ten to fifty
percent, external design reuse percentage should decrease, from ninety to fifty percent





respondents did not make sure the sum of these two numbers equal to hundred percent,
therefore we did not get a perfect negative correlation between internal and external reuse
percentages.
4.3.4 Response Bias Test
Due to the limited number of responses, we were not sure whether the population in
question was represented or not. We used late responders as a proxy for non-responders.
Therefore if late responders and first responders do not exert a statistically significant
variation, we assume the population
in question is represented.
The first one third and the last one third of the responses were analyzed and a t test
performed to test for response bias. The responses to key questions were considered,
namely product
innovation (Question 6), design reuse percentage (Question 9) and product
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success (Question 7). Below is a table, which indicates that the calculated t values were all
smaller than the t values for the specified degrees of freedom and alpha level. Therefore, it
can be concluded that there was not a significant difference between means of the first third
and last third of the responses. This indicates that sample population is representative of the
total population and that there was not a non-response bias. (Couper & Groves, 1996). We
concluded that there was no apparent relationship between responding to the survey and the
variables under study.













Question 6 Product innovation 3 3 0.48 2,06
Question 7 Product success 4 3 0.42 2,06
Question 9 Design reuse level 32 37 0.53 2,06
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5. RESULTS
To review, my initial hypotheses were:
Table 5: List ofhypothesis
HI: Design reuse fosters product innovation
H2: Design reuse promotes discipline by focusing on elements with
the greatest impact for innovation
H3: Design reuse promotes better system integration
H4: Reuse and adaptation of design in a way not originally thought
of, fosters innovation.
5.1 HI: Design reuse fosters product innovation.
First, the relationship between design reuse percentage and the reported product
innovation level was tested. Design reuse level was derived from answers to Question 9 in
the survey. Innovation levels were taken from answers to Question 6. The answers to
classify product innovation were coded as follows to indicate the different levels of
innovation:
5 - New to the world
4 - New to the industry
3 - New to the organization
2 - A significant upgrade of an existing product
1 - Minor modification of an existing product
Respondents reported the design reuse level in their last major product as a




n= 43). Below is the scatter diagram. I believe
this is an important finding since the common belief is that reuse decreases innovation and
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that there is a significant negative correlation between the two. However, this data
supported neither that beliefnor my hypothesis.
Figure 3: Scatter diagram ofdesign reuse percentage and innovation levels
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5 - New to the world 4 - New to the industry 3 - New to the organization
2 - A significant upgrade of an existing product
1 - Minor modification of an existing product
5.2 H2: Design reuse promotes discipline by focusing on elements with the greatest
impact for innovation.
It was tested whether companies that reused more were able to selectively focus on
critical few elements in product design, which is hypothesized to increase product
innovation. The correlation between design reuse percentage (Question 9) and the
benefits received from design reuse as focused innovation (Question 14, choice d) was
tested. The answers to Question 14 were coded as Selected=l, Non selected=0.
The correlation between design reuse percentage and focused innovation benefit
was not statistically significant
(r=.l 14, p=371, n=43). The problems companies face
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while doing design reuse could explain why the correlation was not significant. Instead of
focusing on critical few elements in product design, some companies try to fix problems
in design reuse. If companies don't have good knowledge management capability and
effective design reuse processes, they would not get the benefit of focused innovation
from design reuse.
5.3 H3: Design reuse promotes better system integration.
It was examined whether companies realized better system integration as they
increased the level ofdesign reuse. The correlation between design reuse percentage
(Question 9) and the benefits received from design reuse as better system integration
(Question 14, choice c) was tested. The answers to Question 14 were coded as
Selected=l, Non selected=0.
There was a positive correlation between design reuse percentage and better
system integration (r=282, p=.016, n=43). This could be explained by the fact that as
design teams reuse more of the known, existing design, they achieve better system
integration. The critical parameters, failure modes, interfaces, design of experiments and
most of the relevant design information are already available for existing designs.
Therefore, design teams have a higher chance ofbetter system integration.
5.4 H4: Reusing design in a way not originally thought of, fosters innovation.
"Creative
Reuse"
was one of the concepts this hypothesis was probing. The
question was, were companies more innovative through design reuse, because they were
able to creatively reuse existing design
(Question 10)? The answers to Question 10 were
coded as: Yes=l, No=0. The con-elation between design reuse percentage and "creative
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reuse"
was not statistically significant (r=-.081, p=.517, n=43). This could be explained
due to creative reuse not being the common preferred reason to design reuse compared to
cost savings.
As it can be seen from Table 6, the Hypotheses Results are summarized.
Table 6: Hypotheses Results Summary Table
HI: Design reuse fosters product innovation
Not supported; however
correlation is not negative
either which is the
common belief.
H2: Design reuse promotes discipline by focusing on
elements with the greatest impact for innovation
Not supported; could be
explained by the
problems companies face
while doing design reuse.
H3: Design reuse promotes better system integration
Supported; as design




H4: Reuse and adaptation of design in a way not
originally thought of, fosters innovation.
Not supported; could be
explained due to creative
reuse not being the
common preferred reason
to use design reuse
compared to cost savings.
In the following table, the major variables considered during this study are listed.
Even though only one of the primary hypotheses is supported, there were additional
significant correlations between variables, which will be discussed below. Some of the
correlations, which are within the scope of the study, were examined. However some of
the correlations were considered to be out of the scope of the current study.
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Outcome Testing:
After analyzing the results, I added another model to explain the "other significant
findings"
not mentioned in the initial hypothesis development section. Specifically
following questions will be addressed:
1) How did design reuse percentage affect product success?
2) How did product innovation affect product success?
3) How did reuse type affect system integration?
4) How did better system integration affect product success?
This model and answers to the questions listed above are discussed below.
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i) Design Reuse Percentage and Product Success
Design reuse level and Product Success have a significant positive correlation
(r=.291, p=.007, n=43). This makes sense since reuse provides cost savings and faster time
to market. Cost savings would help in getting the return on investment earlier; therefore
increase the success of new products.
ii) Product Innovation and Success
Product Innovation and Product Success have an almost significant negative
correlation (r=-.236, p=.055, n=43). This could be explained by the disruption and
productivity hit that comes with innovation. In the short term, the innovative product
typically may not be able to return all the investment or it may even fail and cause a loss.
iii) Reuse Type and System Integration
Reuse Type was suggested by Meyer (1997), as a key moderating variable in
product platform and design reuse studies. Therefore, two types of design reuse were
identified in the present study, which are architectural and modular design reuse. While the
former is defined as the design reuse of the whole system architecture, whereas the latter is
defined as design reuse at the subsystem, module or component level. Reuse type options
and codings in Question 8b are Architectural (1), Modular (2), and Both (3).















Total 29 14 43 |
Osman T. Tasci 35 Design Reuse and Product Innovation
Reuse Type and Better System Integration have a significant positive correlation
(r=.391, p=.005, n=43). That is, companies reported that they received better system
integration as a benefit from design reuse, if they did both architectural and modular reuse
types.
iv) Better System Integration and Product Success
Better system integration and product success had a significant positive correlation
(r=.279, p=.044, n=43). That is as companies reported that they received better system
integration as a benefit from design reuse, they also reported better product success, which
is measured by the return on investment.
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6. DISCUSSION
The present study attempted to explore the relationship between design reuse and
product innovation. Specifically, whether design reuse increased product innovation
through focused innovation, better system integration and creative reuse.
The main hypothesis in the present study was that design reuse fosters product
innovation. However, this was not supported based on the data points. The limited amount
ofdata could explain it. Furthermore, different industries and the differing levels of success
in the application ofdesign reuse were not accounted for in the measurement. Despite these
shortcomings, one major finding is that no negative correlation between design reuse and
product innovation were found, contrary to common belief.
Hypothesis 1 and 4 both suggest that design reuse fosters product innovation,
however the major difference between the two is that, the main hypothesis suggests that
design reuse may enable product innovation through many different causes, however,
hypothesis 4 only looked at whether "creative
reuse"
could be one reason why reuse might
foster product innovation.
The secondary benefits that design reuse has, such as focused innovation and
creative reuse, were also not significantly correlated
with increased design reuse. However,
better system integration was significantly correlated with increased design reuse. In other
words, as companies increased
design reuse, they did realize the benefit of better system
integration from design reuse. This is a significant finding, confirming the common belief
that if companies reuse existing design, they will spend less time and effort in integrating
the different parts of the design for final assembly of the product. However, similar
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shortcomings for the main hypothesis may have prevented us from finding a significant
correlation between design reuse and focused innovation & creative reuse. The
shortcomings were that differing levels of success in the application of design reuse and
industry differences were not accounted for. If that was done, we could have seen that
successful design reuse applications and better knowledge management in new products
especially within the same industry should have contributed to focused innovation and
creative reuse.
Consistent with the present literature, this study found that companies utilize design
reuse mainly for cost reduction (77%) and faster time to market (67%). However, a
particular strength of current study is that, in contrast to common belief in the industry, the
study revealed that design reuse does not necessarily prevent innovation, hi fact, it can
foster innovation by secondary gains such as focused innovation, better system integration
and creative reuse. As measured in the study, forty three percent of respondents who cited
cost reduction as a benefit to design reuse also cited focused innovation as a benefit to
design reuse. Similarly, forty four percent of the respondents who cited faster time to
market as a benefit to design reuse also cited focused innovation as a benefit to design
reuse. Both of these findings are important because even though
companies'
first objective
from design reuse may be to benefit from cost reduction and faster time-to-market, their
secondary benefits can not be
ignored. These secondary gains can improve
companies'
bottom line by enabling more product innovation, rather than just cost savings and faster
time-to-market.
At the end of the study some other
significant correlations were found. Firstly,
design reuse percentage is significantly correlated to product success. That is, while design
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reuse increases; product success increases through cost and time savings, which help
companies to get the return on investment for new products earlier.
Secondly, there was a significant negative correlation between product innovation
and product success. This can be tied to productivity loss experienced with innovative
products. Companies require initial investment as new innovative products are developed
and require many changes within their existing product design and delivery processes. As
Concoicao (et al, 2004) stated, innovative companies get productivity loss due to capital
investments, tooling changes and associated costs by the disruption to the product
development and delivery system. Concoicao (et al, 2004) study further finds that
innovative companies get more productivity overtime. This is one of the limitations of
present study that it did not account for product success overtime.
Thirdly, Reuse Type and Better System Integration have a significant positive
correlation (r=.391, p=.005, n=43). That is, companies reported that they received better
system integration as a benefit from design reuse, if they did both reuse types.
If both existing architectural and modular designs were reused at the same time,
better system integration could be achieved, since most of the interfaces of the modules (or
components) to the architecture would already be defined and there would be less
variability introduced to the system.
Fourth and last significant correlation found at the end of the study, apart from the
main hypothesis findings, is that better system integration and product success had a
significant positive correlation (r=.279, p=.044, n=43). Better system integration would
mean faster time to market, reduced cost due to less time spent on debugging and fixing the
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product and also a better quality product. These are all first steps to a successful new
product launch.
Overall, management could look at design reuse in more detail to understand its
effects on the overall product delivery. Our study showed that companies who do design
reuse reported better system integration and more product success. Cost savings and faster
time-to-market were the main benefits that majority of the companies received from design
reuse. In order to differentiate themselves and to stand out from the competition, companies
could look at design reuse as a leverage to develop more innovative products
6.1 Limitations & Future Research
The following limitations apply to the present study. Based on these limitations
some suggestions have been offered for future research.
The sample size was not large enough to do further analysis, such as testing the
curvilinear relationship between design reuse and product innovation. Small sample size
also limited our confidence in the analysis results. Not having enough data on specific
industries also prevented us from analyzing the individual industries by themselves and
further take into account industry specific conditions and variables.
The success ofdesign reuse was not measured directly, which could help to explain
why companies applied design reuse but did not get
focused innovation. We would have
expected only the companies who were
successful at design reuse to get the benefit of
focused innovation, since they would not be wasting resources on the reused part of the
product design and focus more on the innovative portions of the new product. Furthermore,
this may explainwhy I was not
able to draw an immediate correlation between design reuse
and new product success since success would be dependent upon on how companies dealt
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with all the problems associated with design reuse, or even howmuch of the problems they
faced in the first place.
We used cost of reused design to the total cost ofproduct as a normalized measure
ofdesign reuse in order to be able to compare design reuse levels in different companies
and industries. This method may have limited us correctly measuring the independent
variable (design reuse percentage).
Whether innovation was important and if so how important it was for a new product
to be successful was not asked. Not knowing this, it was assumed that innovation was
equally important for each of the new product to be successful. This is a weakness because
we would be trying to explain a dependent variable (innovation), which may not have been
even attempted.
The survey answers were limited to ordinal and nominal values in some cases. This
prevented us from measuring the magnitude of the relationships and further conducting
regression analysis.
The study was just a snapshot in time. In future studies, companies can be studied
over a period of time to take time into effect.
In future studies one might want to investigate outliners and conduct a deviant cells
analysis, such as investigating the cases in which innovation levels and reuse percentage
were both high.
Overall in the study there were some significant correlations, however, these were
not strong correlations. The reasons can be the factors affecting
design reuse, such as the
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quality, timing, experience and criteria used in the application of design reuse. These
factors could be taken into account in future studies in order to improve the results.
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Count
APPENDIX A (CORRELATION OUTPUTS)
Reuse% * innov Crosstabulation
Innov
1 7 3 4 5 Total
Reuse% 0 1 0 0 0 0
5 0 0 0 0 1
6 0 0 0 1 0
10 0 0 1 1 1
12 0 0 1 0 0
13 0 0 0 0 1
15 0 0 0 1 0
17 0 1 0 0 0
18 0 1 0 0 0
20 0 3 1 0 1 5
25 0 2 2 1 0 5
30 0 2 3 1 0 6
35 0 0 2 1 0 3
40 0 1 0 1 0 2
44 0 0 0 1 0 1
50 0 1 1 0 1 3
60 0 0 1 0 0 1
75 1 1 0 0 0 2
80 0 1 1 1 0 3
85 0 1 0 0 0 1




Value Error(a) T(b) Sig.
Ordinal by Kendall's tau-b
-.138 .136 -1.013 .311
Ordinal
N ofValid Cases 43
.
a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
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a Not assuming the null hypothesis.
b Using the asymptotic standard error assuming the null hypothesis.
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APPENDIX B (SURVEY RESULTS)
Survey Results Graphs:
"What Is the size ofyourorganization? (numberofemployees)
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"Which country is the company located at?
Total Number of Responses to Design Reuse Survey
Breakdown by Cornp3ry Location
Count ol oouMfy;
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"Which industry is the company operating In?
Total Number ol Responses to Design Reuse Survey
Breakdown by Industry
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BVATEJfi AND SUCCESS)
Please take amoment and think bach over the last fewyears todescribe, In general
terms, the lastmafornew product introducedby yourorganization.
Is this new product typical of your line of
business?
mivvAnoM'j- CESS)
Please take amoment and think bacA over the last fewyears to describe, ingeneral
terms, the lastmajor newpr oduct introduced byyourorganization.
How long have
'
























0 to 3 years 3 to 5 years 5 to 10 years 10 to 20 years
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PRODUCT (INNQ AT JO J J ND SUCCESS)
Please take amomentand think back over the last fewyears todescribe, Ingeneral
terms, the lastmajornewproduct introducedbyyourorganization.


















Primary ustomer for the product
vatjon immm. CES
Please take amoment and think bach over the last fewyears to describe, in general
terms, the lastmajor new product introducedbyyourorganization.
What proportion of sales do you spend on









0-1% 1-3%... 3-5 5-10% 10-20% 20+% na
| %c ales spent on R&D
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Alnow
Please take amoment and think back over the last fewyears to describe, in general








New to the New to the N>
world industry on.
e A significant Minor
on upgrade of an modification





Please take amoment and think bach over the last fewyears to describe, in general
terms, the lastmajornewproduct introduced byyourorganization.











Successful Not suecessrul A failure
successful
| Su- ess of New Product
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SE AJXJD
Please take amomentand think back over the last fewyears todescribe, In general
terms, the lastmajornew product introducedbyyour organization.












Type of Design Reuse
Architectural
EU^AND^aya
Please take amoment and thinkback ovc the last fewyears to describe, ingeneral terms,
the lastmajornewproduc. introduced byyour organization.
Whatwas the percent ofoverall design rouse level in this new product in terms of cost?
Count of N i ibei of Responses for Question 9
per eai h design reuse level reported
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aiEj^Hi ENEFITS
Pfease take amoment and think back over the last fewyears to descnbe, ingeneral terms,
tfte lastmajornewproduct introducedbyyourorganization.
Was the design reuse a completely new
application of the original concept?







Please take amoment and tirink backover the last fewyears to describe. Ingeneral terms,
the lastmajornewproduct introducedbyyourorganization.
Of the total reuse portiin, what percent was from
internal and what percent was from external design,
as a primary source of reuse?
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be Mm,
Please take amoment and think backover he last fewyears to describe, ingeneral i
the lastmajornew product i. ; troducedbyyour organization.
Did you encounter any unanticipated problems in
modifying the design for reuse?
Was there a corporate or business unit policy on
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Please take amoment andthinkbackover
the lastmajornew product .
ie last fewyears to describe, ingeneral terms,
ttcducedbyyour organization.





















of Dei ign Reuse
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